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Experimental measurements of t es t  t i m e  w e r e  obtained i n  the 

GALCIT 1 7 "  shock tube'') us ing both a i r  and argon f o r  dr iven  gases .  

One series of tests was conducted using a constant driver pressure 

(pure helium) f o r  var ious  i n i t i a l  p ressures  of t h e  dr iven  gases.  

Another series was conducted using a i r  f o r  the dr iven  gas  a t  var ious  

i n i t i a l  p re s su res  holding t h e  shock Mach number constant .  The data 

are presented and compared t o  t h e o r e t i c a l  p r e d i c t i o n s  computed from 

the  theory  i n  two r ecen t  papers by Mirels f o r  t h e  case of a laminar (2) 
j q 2 ' T d O  K. 

and t u r b u l e n t  ( 3 )  w a l l  boundary layer .  g d c  
0- - 

T e s t  t i m e s  w e r e  obtained a t  t h e  c e n t e r l i n e  of t h e  shock tube 

us ing  two d i f f e r e n t  contac t  sur face  probes t o  detect  a r r i v a l  of the 

c o n t a c t  su r f ace  ( i n  a manner s imi l a r  t o  t ha t  descr ibed i n  . R e f .  

t h e s e  w e r e  a s tagnat ion-point  heat  t r a n s f e r  gauge and a cold w i r e  

4) ; 
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gauge. The s tagnat ion-point  heat  t r a n s f e r  gauge cons is ted  of a t h i n  

plat inum f i l m  deposi ted on a one-eight3 inch  diameter qua r t z  rod. 

The co ld  w i r e  probe cons is ted  of a .0005 inch diameter platinum w i r e ;  

d u e  t o  i t s  low r e s i s t a n c e  it w a s  u s e f u l  a t  higher  Mach numbers f o r  

avoid ing  shor t ing  by the s l i g h t l y  ionized gas ( p a r t i c u l a r l y  argon) .  

I n i t i a l l y  it was f e l t  that  t h e  l i f e t i m e  of t h e  s tagnat ion-point  h e a t  

t r a n s f e r  gauge would be longer than tha t  of the cold wire ,  b u t  t h i s  
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w a s  found not  t o  be t h e  case so t h e  cold wire  probe was used t o  ob- 

t a i n  a l l  t h e  d a t a  f o r  t h e  s e r i e s  of cons tan t  Mach number tes ts .  For 

t h e  very low i n i t i a l  pressures of t h e  dr iven  gas (p, 1.100 p, Hg) it 

w a s  poss ib l e  t o  measure t h e  shock-wave contact-surface sepa ra t ion  

d i s t ance  (and thus  t es t  t i m e )  from a s t a t i o n  a few cent imeters  from 

t h e  end w a l l  (xs = 20.332 meters from t h e  diaphragm). 

f o r  t h e  h igher  i n i t i a l  pressures  w e r e  obtained a t  a s t a t i o n  f a r t h e r  

T e s t  t i m e s  

from t h e  end w a l l  (xs = 16.668 m ) .  

I n  order  t o  determine the t i m e  between shock passage and 

t r a n s i t i o n  ( i f  any) t o  a t u rbu len t  boundary l aye r ,  t h e  response of a th in-  

f i l m  r e s i s t a n c e  gauge on t h e  s i d e  w a l l  was recorded along with 

t h e  osc i l l og raph  recording o f . t h e  vol tage  change of t h e  con tac t  s u r -  

face probe during each tes t .  T rans i t i on  Reynolds numbers as def ined  

i n  R e f s .  5 and 6 w e r e  found t o  be between two and four  mi l l i on .  

The r e s u l t s  presented i n  Figs .  1 and 2 w e r e  obtained u s i n g  

helium a t  a cons tan t  d r i v e r  pressure.  

t h e ' d r i v e n  gas  ranged from 50 p, Hg t o  20  mm Hg (7.12 1 Ms 2 2.81)  f o r  

I n i t i a l  p re s su res ,  pl ,  of 

a i r  and from 1 0  p Hg t o  15 mm H g  (8.18 2 M > 3.13) f o r  argon. The 

i d e a l  t e s t  t i m e  was computed for  each tes t  condi t ion and appears as 

t h e  uppermost curve i n  both Figs.  1 and 2. The t h e o r e t i c a l l y  

p red ic t ed  t e s t  t i m e s  were computed us ing  Mirels '  laminar (2) and 

t u r b u l e n t  (3) t h e o r i e s  and a r e  presented wi th  t h e  d a t a  i n  Figs .  1 

and 2 .  

s -  

The fac t  t h a t  t h e  l a m i n a r  and tu rbu len t  t h e o r e t i c a l  p r e d i c t i o n s  

n n a r l - r  G z i v  i n t n  nna -,nntl?ar ;n P i n  3 is 3n - n n < A - n t - l  ----A-*-A---  * 
'̂'"'J *-I& **Ib.v W I I b  U I * " C I I ~ &  4.1I A. .Ly. L. UII U L L & U b A A  L U I  L W A L a G Y U G A A b F ;  

' 7  

of t h e  p a r t i c u l a r  d r i v e r  condi t ions used. 
4 

Agreement between t h e  da ta  and t h e o r e t i c a l  p r e d i c t i o n s  seems 

t o  be s l i g h t l y  b e t t e r  f o r  a i r  than argon. For t h e  argon d a t a  
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(10 P Hg SP, I 3 5  ~1 Hg) the observed test times are about 30% 

greater than the values predicted by the laminar theory, while 

for 35 ~1 Hg 

pressures this discrepancy may be due to the fact that the separation 
<,p, - < 1  mm Hg they are within 10%. At the lower 

distance between the shock and contact surface is then of the order 

of a tube diameter, and the assumptions of -the theory may be some- 

what violated. Fig. 2 shows that the observed test time in air is 

within 10% of the value predicted by the laminar theory 

(50 p Hg 1. p1 I 1  mm Hg). 

turbulent theory is expected to be valid, the observed test times 

However, in the region where the 

in air are approximately 10% l e s s  than those predicted, and in argon 

the test times are 25% greater than those predicted. The systematic 

discrepancy between the theory and measurements for argon in the 

turbulent case is puzzling when compared with the good agreement 

for air. 

k constant shock Mach number of 4.23 (+ 2%) was obtained - 
for various initial pressures, pl, of air by using various mixtures 

of helium and nitrogen in the driver. The experimental test time 

and corresponding theoretical predictions for this series are 

presented in Fig. 3 .  At the low initial pressures the test time 

increases rapidly with increasing pressure. When transition to a 

turbulent boundary layer begins to occur ahead of the contact 

surface, the test time is reduced due to the greater.displacement 

thickness of the turbulent boundary layer (which allows more mass 

to 'leak' past the contact surface). The transition point moves 

farther ahead of the contact surface as the pressure is increased. 

L 
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The e f f e c t  of t h e  t r a n s i t i o n  moving f a r t h e r  ahead of t h e  con tac t  

su r f ace  i s  t o  f u r t h e r  reduce t e s t  t ime, and f o r  a s m a l l  range of 

pressures  (1.5 mm Hg < p 1 s 4  mm Hg) t h i s  effect  i s  g r e a t e r  than  

t h e  inc reas ing  e f f e c t  on t h e  t e s t  t i m e  due t o  the inc reas ing  

i n i t i a l  p re s su re ,  so the t e s t  t i m e  cont inues t o  decrease as the 

N 

pressure  i s  r a i sed .  Eventually t h e  effect  of i nc reas ing  i n i t i a l  

p ressure  on t e s t  t i m e  is  g r e a t e r  than  t h e  effect  of t h e  forward 

movement of the t r a n s i t i o n  poin t ,  and t h e  t e s t  t i m e  i nc reases  again.  

H e r e  a l s o  the agreement between theory  and experiment is wi th in  10% 

w h e r e  the theo ry  app l i e s .  

Mirels s t a t e d  t h a t  the  l i m i t s  of app l i ca t ion  of t h e  laminar 

theory  was dpl 5 .5 and t h e  tu rbu len t  theory dpl 2 5 (d = tube 

diameter i n  inches,  p1 = i n i t i a l  p ressure  c m  Hg). Therefore,  i n  

t h e  1 7 "  shock tube we would expect t o  observe a t r a n s i t i o n  region 

from the case w h e r e  the boundary l aye r  is e n t i r e l y  laminar p1 5 3 0 0  p Hg) 

t o  w h e r e  it is  predominantly tu rbu len t  p1 2 3 mm Hg). 

t h i s  reg ion  is  d isguised  due t o  the changing Mach number along the curves.  

I n  Figs .  1 and 2 

- However, from Fig.  3 it appears t h a t  the t r a n s i t i o n  region i n  o u r  shock 

tube  i s  somewhat h igher  i n  pressure ,  approximately 1.5 mm Hg < p1 < 5 mm 

Hg. 

smooth (honed) su r face  of t h i s  s ta in less  s t e e l  shock t u b e .  

Iy cy 

- The h igher  t r a n s i t i o n  Reynolds n.umber is probably due t o  t h e  very 

The laminar theory  seems t o  g ive  a very good e s t ima te  of t e s t  

t i m e  when the boundary l a y e r  between t h e  shock and con tac t  su r f ace  

is ez t i re ly  laminx, ar;d the t i i r h i l e n t  thewry seems to g ive  a reason- 

able estimate when t h e  boundary l a y e r  i s  a t  l e a s t  50% tu rbu len t .  
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T I T L E S  FOR FIGURES 

Fig. 1 T E S T  TIME VS I N I T I A L  PRESSURE, pl,  CONSTANT DRIVER 

S E R I E S ,  USING ARGON FOR THE DRIVEN GAS. SHOCK MACH 

NUMBER INDICATED FOR EACH EXPERIMENTAL POINT.  

Fig.  2 ..;:ST TIME VS I N I T I A L  PRESSURE, pl, CONSTANT DRIVER 

S E R I E S ,  USING A I R  FOR THE DRIVEN GAS. SHOCK MACH 

NUMBER INDICATED FOR EACH EXPERIMENTAL POINT.  

Fig.  3 T E S T  TIME VS I N I T I A L  PRESSURE, pl, CONSTANT SHOCK 

MACH NUMBER S E R I E S ,  Ms = 4.2  + . l , U S I N G  - A I R  FOR THE 

DRIVEN GAS. 
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